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Literature Review of Surgical Management of
Abdominal Aortic Aneurysm
A. Hallin1, D. Bergqvist2 and L. Holmberg∗2,3
1Department of Surgery, Falu Hospital, SE-791 82 Falun, 2Department of Surgery and
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Objectives: to review the natural history and the outcome of surgical repair of aortic abdominal aneurysm (AAA).
Design: an English and Scandinavian language search of papers between 1985–1997.
Results: after review, 132 papers with 54 048 patients remained. The mean postoperative mortality (30 days or in-
hospital) for elective repair was approximately 5% and for emergency operations 47% (range 27–69%), both with
significant heterogeneity. Results did not improve over time. Increasing age, presence of renal failure and atherosclerotic
cardiac disease were identified as pre-operative risk factors.
AAA expansion averaged 0.2–0.4 cm per year for aneurysms smaller than 4 cm, 0.2–0.5 cm for aneurysms 4–5 cm and
0.3–0.7 cm for those larger than 5 cm. The rupture risk at four years was 2, 10 and 22% respectively. The overview
revealed several methodological problems in the reported studies.
Conclusions: the results can be used as the basis of quality assurance or in decision trees or other models. Better reporting
standards are needed.
Key Words: Abdominal aortic aneurysm; Systematic review; Postoperative mortality; Growth rate; Rupture risk.
Introduction Given a specific size of the aneurysm, how great is
the risk of surgery versus the risk of a rupture? If the
aneurysm ruptures, what will the mortality be? HowWith the exception of the U.K. Small Aneurysm
quickly do AAAs expand and is there a thresholdTrial,1 no randomised clinical trial has evaluated the
expansion rate at which the risk of rupture exceedssurgical management of abdominal aortic aneurysms
the risk of repair? For a complex problem such as this,(AAA). This is surprising given that AAA repair is so
decision models are useful.2–4 Reliable estimates ofdemanding and common. For example, in Sweden,
probabilities of postoperative death and morbiditythe number of operations increased five-fold from
after elective and after emergency operations and the1987–89 to 1993–95. The latter corresponds to around
risk of a rupture during conservative management are10 operations per 100 000 inhabitants per year. There
needed for further elaboration of the cost–benefit ofare many reasons for this increase, including increased
surgical management of AAA. An informative modeldiagnostic activity. AAAs are increasingly found in-
was developed by Katz et al.2 Their model was based,cidentally on CT scans or at ultrasonography. Screen-
however, on only limited information about the naturaling for asymptomatic populations at high risk for AAA
history and did not cover a full literature search.has been suggested. Thus, the biological domain in
Information on risk factors was also limited.which surgery for AAA is contemplated has shifted
Our aim in this study was to evaluate all publicationsfrom patients with manifest, impending or a very high
from 1985 to December 1997 presenting the outcomeslikelihood of rupture to patients with smaller AAA
of surgical management of AAA, with the purpose ofand a low risk of rupture. In this situation, there are
providing an empirical basis for such management.several important questions that need to be answered.
The overview was focused on two main perspectives:
First, we aimed at finding estimates of probabilities
for the different outcomes that could be used in a∗ Please address all correspondence to: L. Holmberg, Regional On-
cologic Center, University Hospital, SE-751 85 Uppsala, Sweden, decision model approach for management of AAA. A
where the full reference list of the papers is available reviewed. second goal was to review the quality of the pub-
This study was supported by grant K98-27X-122730-02B from the
lications and thus critically assess the rationale forSwedish Medical Research Council and also from Dalarnas forsk-
ningra˚d, DFR. today’s policies.
1078–5884/01/090197+08 $35.00/0  2001 Harcourt Publishers Ltd.
A. Hallin et al.198
Methods We accepted the publication’s definitions of elective
repairs and of emergency operations. Where possible,
we excluded patients with impending but not manifestSelection of papers
ruptures. In a large number of studies, however, such
a distinction was not possible, but the most commonA literature search from 1985 through December 1997
practice was to include subacute repairs for symp-was made among English and Scandinavian language
tomatic aneurysms or impending ruptures in the elect-papers. From 1985 through 1989 the keywords ‘‘Ab-
ive repair series.dominal aortic aneurysm’’ and ‘‘Aortic rupture’’ were
Data on preoperatively known risk factors wereused, and from 1990 through 1997 we used the search
extracted from studies that present relative risk meas-word ‘‘Aortic aneurysm’’. The search was conducted
ures (or risk estimates or parameter estimates fromboth on the basis of MESH tree and as a text search.
logistic regression models that could be converted toAll abstracts were read by one reviewer (AH). In a
relative risk measures) from multivariately adjustedfirst step the following four selection criteria were
analyses. We only extracted data on risk factors thatused: (1) the paper should be an original research
could influence a decision to treat. Many studies in-report with presentation of primary data on clinical
clude an analysis of clamping time, amount of bleedingfollow-up of patients. (2) The paper should deal with
etc., but these factors are only known after the decisionthe clinical course in patients with AAA, with exclusion
to operate and are thus not discussed further here. Weof patients with occlusive aortic disease or thoraco-
did not attempt to analyse the surgeons’ training orabdominal aneurysms. (3) All or most of the patients
the case load of the hospital as determinants of theshould have been entered into the study after 1980.
outcome.(4) Inclusion of 50 or more patients. (Criteria three and
No attempt was made to blind the data extractionfour were relaxed for papers addressing the natural
with regard to authors or institutions responsible forhistory of untreated AAA).
the different studies. We did not attempt to identifyAfter the first selection step, all papers were read
unpublished data.by all three authors. Before reading the papers, we
established five quality criteria for inclusion in the
study. We decided to keep papers that fulfilled at least Statistical methods
three of these five criteria, but to exclude the remaining
papers. The five criteria were: (1) The paper should For the different strata of interest (time period, study
contain a strict definition of AAA. However, if the size and quality criteria), the weighted mean of the
patient was operated on, we accepted the perioperative proportions of the event of interest (with its standard
finding of an AAA without a more specific definition. error) was calculated as described by Armitage.5 For
(2) Methods of diagnosis should be described. (3) time period the mid-year of the period of inclusion of
The follow-up periods should be defined. (4) The sex patients classified the study. Tests of heterogeneity
distribution should be given. (5) The age distribution between individual studies and tests of trends (over
of the patients should be given. If all three authors time period, over study size and number of fulfilled
agreed, the paper was included in the study. criteria) were performed as suggested by Armitage
From the finally selected papers one author (AH) for a 2×K table.6 All our results were checked with
extracted data for operative mortality and morbidity the pooling of studies under a random effects model
for elective surgery and for emergency operations and the results were nearly identical with the only
for rupture. Operative mortality and morbidity were exception for smaller strata (such as for ruptured
defined as events within 30 days after operation. If aneurysms, unknown study period), while we choose
the 30-day mortality was not given, the reported in- to present the results of the simpler analysis. The
hospital mortality was used. We further extracted data probability of death within 30 days after surgery (or
on preoperative determinants of 30-day or in-hospital alternatively in hospital) in a study was also correlated
mortality. Probabilities of major complications – myo- to the number of quality criteria fulfilled and to study
cardial infarction, need for dialysis and occurrence of size by Spearman rank correlation. Mean aneurysm
neurological symptoms – were extracted. The annual growth rate was calculated as the weighted mean over
aneurysm expansion rate, risk of rupture and long- studies. Studies that provided information on different
term survival were studied in patients with non-op- strata of AAA diameter under 5 cm were also used
erative treatment. When there were difficulties in in- together with those specifying ‘‘under 5 cm’’ as only
terpretation, all three authors reached a consensus one stratum for summarising the growth rate up to
5 cm.after joint scrutinisation of the data.
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Results Emergency operations
Data for risk of mortality after emergency operations
Literature search were collected from 50 articles, grouped by time period
as for the elective group (Table 2). As expected, the
A total of 4850 papers in English or in Scandinavian probability of death was considerably higher than for
elective operations, but the pattern was otherwiselanguages were identified. After exclusion of case
reports and animal studies (n=1943), as well as edit- similar, with a widely varying result between in-
dividual studies, and heterogeneity both for the entireorials, reviews and letters (n=546), 2362 abstracts were
scrutinised. It was clear from the abstract that 2059 of series (Chi-squared(1df)=39.3) and within each time
period but with similar weighted means for the dif-these papers did not fulfil our criteria for the first
selection step. Of these, 993 papers dealt with pa- ferent periods. Again, there was no regular time trend
for mortality after emergency operations, when testedthophysiologal aspects and operative and diagnostic
techniques and 177 of the papers reported on less than in the same ways as for elective operations (Chi-
squared(1df) for departure from trend=22.1).50 patients. More than 200 papers dealt with other or
mixed types of aortic aneurysms (thoracic, thoraco-
Results by methodological criteria and study sizeabdominal etc.).
There was no evident correlation between mortalityThus, 303 reports were read in full by all authors
after elective surgery or emergency surgery and theand 171 of them were excluded, mainly because they
fulfilment of methodological criteria in the papers asreported on less than 50 patients, data were collected
judged by rank correlation or stratified analysis bybefore 1980 (n=44), they were descriptive epi-
criteria. However, there was statistically significantdemiological or surgical technique papers (n=50), pre-
heterogeneity between strata, where for both types ofsented two consecutive follow-ups of the same patient
operations the studies with only three fulfilled criteriacohort (n=21) or fewer than three of the quality criteria
had somewhat better results, e.g. for elective pro-were fulfilled (n=10). Finally, 132 papers remained
cedures the mortality in studies with three fulfilledfor the study.
criteria was 3.7%, compared with 6.3% and 5.5% inOf the selected 132 reports, 69% fulfilled all criteria,
those with four and five filfilled criteria respectively.21% fulfilled four of the criteria, and 10% of the papers
There was no significant statistical association (in testsfulfilled only three of the criteria. In total, 40 720 and
for trend or in rank correlation) between mortality13 466 patients undergoing elective and emergency
results and size of the study.procedures respectively were studied. The studies with
five fulfilled criteria comprised 30 659 (75%) and 10 185
Preoperative risk factors and mortality(76%) of the study subjects within the respective cat-
Data were extracted from 16 studies that fulfilled ouregories.
criteria for extraction of preoperatively known risk
factors. Few of the studies gave the number of events
and total number of patients evaluated in each subsetPostoperative mortality
and thus we did not attempt a quantitative meta-
analysis of the relative risk measures. For an overview,Elective operations
Data on mortality within 30 days or in-hospital mor- studies were grouped as positive (i.e. showing an
association between the factor and a higher risk oftality were collected from 69 papers. The papers were
grouped by time period of inclusion of patients in postoperative mortality) or negative (i.e. not showing
an association between a factor and risk of post-order to allow analyses of time trends in the results
(Table 1). Mortality varied between 0% and 12% in the operative mortality). The presentation is stratified by
elective repairs and emergency surgery (Table 3).entire material, and the variation within each time
period was also large. The weighted mean, however, For elective repairs, the overview indicates that age
is a risk factor, with a relative risk of 1.6–2.6 for anwas similar for the different time periods and was
around 5%. The test for heterogeneity was statistically increment of ten years in age. The impact of gender
is more difficult to interpret, but the bulk of evidencesignificant both in the entire series (Chi-squared
test(1df)=61.8) and within each time period. There was points towards a modest increase in risk for females. A
more clear-cut finding is that concerning renal failure,no indication of a time trend either when single studies
were arranged in a time sequence (data not shown) with indication of a 4 to 9 times greater risk with the
presence of a preoperative serum creatinine over aor when the weighted mean by time period (Chi-
squared(1df) for departure from trend=54.9) was con- limit of about of 150–200 mol/l. The presence of
cardiac disease preoperatively is defined in many wayssidered.
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Table 1. Mortality after elective operations for abdominal aortic aneurysms grouped by time period of inclusion of patients.
Time period of Number of Mean number of Range of study size Number of events/ Weighted mean (%) Range of
inclusion publications patients per study total number of of mortality in time mortality (%)
patients per period period (SE)
82–84 14 224 50–1411 119/3137 3.8 (0.3) 1.4–10.4
85–86 21 886 53–8185 1178/18 605 6.3 (0.2) 0.0–8.6
87–89 17 215 86–834 153/3667 4.1 (0.3) 0.8–10.0
90–94 12 1188 65–3419 714/14 260 5.0 (0.2) 2.6–12.0
Unknown 5 210 155–284 59/1051 5.6 (0.7) 0.0–8.1
Sum∗ 64 620 50–8185 2164/39 669 5.5 (0.1) 0.0–12.0
∗Calculated on studies with known study period.
Table 2. Mortality after emergency operations for abdominal aortic aneurysm by time period of inclusion of patients.
Time period Number of Mean number of Range of Number of events/ Weighted mean (%) Range of
of inclusion publications patients per study study size total number of of mortality in time mortality (%)
patients per period period (SE)
82–84 10 143 50–314 660/1433 46.1 (1.3) 26.9–68.9
85–86 12 348 51–1829 2136/4176 51.1 (0.8) 30.2–68.1
87–89 13 109 74–157 684/1421 45.6 (1.3) 28.7–60.5
90–94 13 479 60–1480 2811/6232 45.1 (0.6) 31.1–54.9
Unknown 2 102 101–103 115/204 56.4 (3.5) 49.5–63.1
Sum∗ 48 276 50–1829 6255/13 262 47.2 (0.4) 26.9–68.9
∗Calculated on studies with known study period.
and was thus difficult to overview. However, if pre- rupture (Table 4). Two further studies of 57 (7) and 67
(8) patients respectively did not give data in a formatoperative coronary artery disease, chronic heart failure
or previous myocardial infarction are viewed together, which allowed inclusion in Table 4, but the estimates
of growth rate in the different strata of initial aneurysmpresence of any of these indicates a 2.6 to 5.3 times
greater risk of mortality after elective repair. The size size were very similar (differences Ζ10%) to those in
the table. Cronenwett et al.8 report a yearly ruptureof the aneurysm was studied as a risk factor in only
one study on elective and one on emergency repair risk of 8% in their patients with a mean initial ante-
roposterior diameter of 3.7 cm. For the papers includedand showed no association.
For emergency repairs, all findings regarding risk in Table 4, there is considerable heterogeneity in the
patients included, measurement intervals, clas-factors are weaker and more difficult to evaluate. The
only two findings that are more clearly substantiated sification of aneurysm sizes and methods of statistical
analysis. The table therefore necessarily summarisesare an increased risk by ten-year increment in age
data over a broad range of categories. However, thereand possibly also the presence of low blood pressure
is a trend for a more rapid expansion rate amongimmediately preoperatively, with a 2.6 to 3.0 times
larger aneurysms. The data are fairly well collectedgreater risk of postoperative mortality. Low blood
around an expansion rate of 0.2–0.4 cm per year forpressure was most often (in four studies out of five)
aneurysms smaller than 4 cm, 0.2–0.5 for aneurysmsdefined as systolic pressure below 90 mmHg. An epi-
between 4 and 5 cm, and 0.3–0.7 cm for aneurysmssode of cardiac arrest preceding the operation was
larger than 5 cm.found in two out of a total of six studies to be associated
Data on rupture risk were scarce and should bewith an increased risk.
interpreted cautiously. First, patients were usually
selected for non-operative management due to severe
co-morbidity and thus generally have a high com-
Natural history peting death risk. Second, it is not always explicity
clear how censoring due to operation for e.g. a rapidly
Twenty-two papers comprising a total of 3057 patients growing aneurysm has been dealt with in the analysis.
contained data about the annual expansion rate and Third, sometimes crude rates are given rather than
risk of rupture of AAA after non-operative man- life table estimates or similar. For the same reasons,
agement. Thirteen of these reports presented data that data about long term survival for non-operative man-
were detailed enough for us to incorporate them in agement is even more difficult to summarise in a
meaningful way.quantitative summaries of growth rates and risk of
Eur J Vasc Endovasc Surg Vol 22, September 2001
Literature Review of Surgical Management of AAA 201
Major complications
Twenty-five studies comprising a total of 5487 patients,
have specifically reported in-hospital myocardial in-
farction after elective operations. The proportion of
patients with infarction over the whole period was
3.3% (range 0–19.6%). Eight studies comprising 1293
patients have reported the need for dialysis after elect-
ive operation and the proportion of such patients over
the total period was 0.9% (range 0–3.4%).
Eight studies comprising 1275 patients have re-
ported in-hospital myocardial infarction after emer-
gency operation and the total number of events over
patients implied a risk of 9.4% (range 1–14.4%). The
corresponding figure for dialysis after emergency oper-
ation was 9.3% (range 0–20%), derived from ten studies
comprising 1383 patients.
Discussion
Since 1980, the outcome of AAA repair has been
recorded and studied in more than 37 000 patients
undergoing elective and more than 13 000 patients
undergoing emergency surgery. The weighted means
of the probabilities of interest by time period and their
standard errors give an impression of relatively stable
estimates of a mortality of around 5 ±1% for elective
surgery and 50±5% for emergency operations. How-
ever, given the heterogeneity both in study methods
and statistically between estimates, it may be haz-
ardous to assume that these estimates are applicable
to all clinical situations. We consider that this review
gives us an empirical point of departure to discuss
estimates of P1 to P8 in a decision tree (Table 5, Fig.
1) or a Markov model.2 We derived the figures in
Table 5 from the literature review. The range for the
sensitivity analyses stems from estimates that are com-
patible with >80% of the data. The boundaries sug-
gested for sensitivity analyses are reasonably narrow,
but still include the bulk of the experience in the
studies. A crucial point is the time perspective. If a
non-operative path is taken, we will have to take into
account aneurysm growth and thus increasing rupture
risk, competing forces of mortality (which are age-
dependent) and the risk of dying of a rupture before
reaching the operating theatre. The first factor is sup-
plied in this review, while the other two can reasonably
be extracted from epidemiological studies of AAA. A
population-based study in Sweden9 indicated that 28%
of patients with a ruptured aneurysm reach the op-
erating theatre. This figure is probably a minimum toTa
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take into account in the lower part of Figure 1, since
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Table 4. Aneurysm growth rate, risk of rupture. Data from 13 studies involving a total of 816 patients.
Size, cm Mean growth rate, Number of papers/total Rupture at 1 year of Rupture at 4 years of
cm/year number of patients follow-up, % follow-up, %
(No. of patients followed) (No. of patients followed)
3.0–3.9 0.33 6/483 1 (108) 2 (43)
4.0–5.0 0.41 4/182 0 (73) 10 (30)
<5.0† 0.41 4/413 1.4 (212) 1.4 (146)∗
>5.0 0.51 4/82 8.5 (131) 22 (23)
∗ Two studies combined, which give a rupture rate at 4 years (one study) and rates for 3 and 6 years (one study).
† Studies with stratification into several groups under 5 cm also included. We estimate that 35–45% of the patients in this stratum have
aneurysms 4–5 cm in diameter.
Table 5. Estimates of probabilities P1–P8 in the decision tree in clear to which category patients with symptomatic
Figure 1. aneurysms or impending rupture are assigned. How-
Point estimate Interval for sensitivity ever, we have judged that most of these patients have
analysis been included in the series of elective repair, and that
they therefore make a small contribution to this largeP1 0.90 0.87–0.93
P2 0.05 0.035–0.065 group and bias the estimates for either elective repairs
P3 0.05 0.035–0.065 or for patients with ruptured aneurysms to a small
P4 0.10 0.02–0.18 extent. A simple clinical classification with close re-P5 0.90 0.82–0.98
lation to 30-day mortality was suggested by ErikssonP6 0.45 0.35–0.65
P7 0.45 0.35–0.65 et al., 197910 and is recommendable for use in dis-
P8 0.10 0.5–0.15 cussions of postoperative results.11
The overview of preoperative risk factors is difficultP1–P8 are derived from the summary results of the overviews.
Intervals for sensitivity analyses are given. These are based on the to interpret, for several reasons. Firstly, data were
range of the results in the reviewed studies. Example from an presented in such a way that a quantitative meta-abdominal aortic aneurysm 4–5 cm in diameter. Note that P6 to P8
analysis was impossible. Generally, sizes of subgroupsare for those patients of the 10% at P4 who survive long enough to
reach the operating theatre, a minimum of 28% as indicated in the and numbers of events were not available. Secondly,
text. in the majority of papers, the selection of risk estimates
it can be expected to be higher in a group of patients to be presented in tables relied heavily on statistical
who are aware that they have an AAA. significance and in several small studies moderate or
weak risk factors – but with clinical significance – mayOne methodological difficulty is that it is often not
Fig. 1. Decision tree for operation on abdominal aortic aneurysm. P1–P8 represent different probabilities given the choice of indications
for operation.
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have been missed in our survey. Thirdly, the model pertain to the presentation of the material, and should
thus be clearly avoidable. Strict definitions of subjectsconstruction for the multivariate analyses is seldom
specified and it is unclear what the most complicated and methods would make judgement easier as to the
relevance of summarising certain studies, especiallymodel looked like and on what criteria some variables
were left in the model. Our summary thus rather with the goal of analysing subgroups more reliably
than would be possible from any single study.counts positive against negative studies, which can be
misleading. Fourthly, selection bias introduced by the We judged that the risk of bias was small in an
unblinded study, since we wanted to get an overallclinical decision process12,13 may have greatly in-
fluenced the results. For example the risk measure impression of the types of studies that underlie our
present knowledge rather than to discuss individualassociated with age may be biased towards null, since
there may be more strict indications for operating on studies in detail or score studies one against the other.
Secondly, blinding would have required large in-an 80-year-old than on a 60-year-old in terms of what
co-morbidity is accepted. Nevertheless, the overview vestigator and secretarial resources with probably rel-
atively little gain.clearly indicates that age, renal failure and the presence
of atherosclerotic heart disease should be weighed A publication bias is difficult to define in the present
setting. The present literature base reflects ob-into decision models for elective repairs. The data on
preoperative risk factors in the U.K. Small Aneurysm servations made in clinical series and not in ex-
perimental or pseudo-experimental studies. Thus, allTrial1 point towards similar conclusions, but also with
a higher risk associated with poor lung function. vascular surgical units operating on AAA would have
‘‘unpublished data’’. However, publication bias couldDespite the heterogeneity in studies of the natural
history of AAA, the data were fairly well collected exist in the sense that results poorer than those deemed
to be ‘‘state of the art results’’ in the vascular surgicalaround an aneurysm growth rate of 0.3 to 0.4 cm per
year for aneurysms smaller than 4 cm, of about 0.4 cm community may not be presented even though com-
mon. A publication bias of this type could be avoidedper year for those measuring 4–5 cm, and of roughly
0.5 cm per year for those over 5 cm. Looking at the by looking at studies that reflect results from quality
audits and similar reviews11,14–16 of which the Swedishone year follow-up, there seem to be a steeply in-
creasing risk of rupture beginning around 5 cm of study11 was published after the start of this survey.
These studies show 30-day mortality rates of 4–10.5%diameter, substantiated by that an aneurysm of 4–5 cm
has a high risk at four years of follow-up, when it for elective and 32.8–60.2% for emergency repairs
which are in line with the estimates in Table 1, andshould have grown to 5–5.5 cm of diameter. Ad-
mittedly, the information on the open-ended category our results are also compatible with data from the U.K.
Small Aneurysm Trial.1 The outliers are the Scottishover 5 cm is difficult to interpret, but the bulk of the
data refers to aneurysms 5–6 cm in size. The natural experience (10.5%) for elective repairs from the 1970s15
and the low end of the mortality figure for emergencyhistory of an untreated aneurysm has been elucidated
further by the U.K. Small Aneurysm Trial.1 Our review repair (32.8%) was noted in Sweden 1987–1995.11
In a recent review Blankensteijn et al.17 coveredshow that this clearly is an area where collaboration
between different investigators deciding on joint clas- publications from 1985–1996 on elective repairs. Their
aim was to survey the postoperative morbidity andsifications and measures could be most fruitful. The
studies so far have been based on small cohorts with mortality by study type (prospective population- or
hospital-based studies, and retrospective population-a limited number of events.
One main finding in our literature review is the or hospital based or based on a specific patient series).
They found a 7.4 to 8.2% 30-day mortality level inmany methodological problems, some of which have
been mentioned above. We used five very basic the population-based series, which was significantly
higher than the 3.5 to 3.8% in the hospital-based stud-methodology criteria, but only 69% of the papers
fulfilled all of these. For instance, only 41% of the ies. They note quite correctly that for an estimation
and modelling of the overall public health effect ofpapers on mortality clearly define the diagnostic cri-
teria for an AAA and only 36% strictly define the elective surgery for AAA, the results from the popu-
lation-based series may be the most realistic. It isdiagnostic methods. The period of follow-up was am-
biguous in about 20% of the papers, with use of terms unclear, however, what kind of study preferably
should provide benchmarks or estimates for modelssuch as ‘‘postoperative mortality’’ and ‘‘late mortality’’
in a non-specific way. In papers discussing morbidity, of clinicians’ (hopefully specialised vascular surgeons’)
decision making. A population-based study may46% do not give specific definitions, for example, of
cardiac events. These shortcomings seem mainly to crudely lump together many types of patients, while
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